ABSTRACT. Infections including scrub typhus contribute to a significant proportion of community-acquired acute kidney injury (AKI) in the tropics. Scrub typhus infection now requires global attention since disease outbreaks are being reported across continents. We intended to study the clinical profile, renal involvement, and parameters predicting renal involvement in scrub typhus infection. This is a retrospective study. The medical records of all patients who were admitted and treated for scrub typhus infection for a study period of two years (from September 2015 to August 2017) were analyzed, and salient clinical features and laboratory results were collected from the hospital data. Statistical analysis was done from the collected data. Our study had 272 patients including 81 children. Adults constituted 70.96% (n = 193) and the remaining 29.04% (n = 81) were pediatric population. Among adults, females constituted 62.7% (n = 121) and males 37.3% (n = 72). The mean age of the adult population was 45.7 ± 15 years and that of pediatric patients was 8.56 ± 5.1 years. 18.7% of adult cases and 3.70% of pediatric cases had AKI. Renal replacement therapy was required in 3.67% of adult cases. Mortality was 4.14% in adults and 1.23% in children. Hypotension, pulmonary involvement, central nervous system involvement, multiorgan dysfunction syndrome, increased total counts, elevated aspartate transaminase levels, and hypoalbuminemia predicted AKI in our adult population. Scrub typhus should be considered as a differential in cases presenting with fever and AKI. Outcomes of scrub typhus infection in terms of mortality seem to be improving in this region.
Introduction
The etiology of acute kidney injury (AKI) in developing countries and developed countries are different. 1 Infections such as malaria, leptospirosis, acute gastroenteritis, typhoid, and dengue are predominant causes of community-acquired AKI in the tropics. 2, 3 of the important differentials to be considered in patients presenting with fever and AKI. [4] [5] [6] [7] Scrub typhus is a challenging public health problem in the "tsutsugamushi triangle" region, which includes the Asia-Pacific countries and the Indian subcontinent. A neglected tropical disease now requires global attention, as cases and disease outbreaks are also reported in several other regions such as the middleeast, Africa, and South America, and also in travelers to the endemic region for this infection. [8] [9] [10] [11] In the past two decades, outbreaks of scrub typhus have been reported from south, north, north-east, and western regions of the Indian subcontinent. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Patients usually present with fever, myalgia, headache, gastrointestinal symptoms, breathlessness, jaundice, and eschar. Acute lung injury (ALI), meningitis, myocarditis, and multiorgan dysfunction syndrome (MODS) occur in severe cases. Scrub typhus infection can cause varying degrees of renal involvement ranging from asymptomatic urinary abnormalities to dialysis-dependent renal failure. The clinical profile, renal involvement, incidence of multiorgan dysfunction, and mortality had been highly variable across several centers in this region over the past two decades. 4, 13, [15] [16] [17] 21, 22 We intended to study the clinical profile, renal involvement, parameters predicting renal involvement, and outcomes of scrub typhus infection in our study population.
Materials and Methods
This is a retrospective study. The medical records of all patients who were admitted and treated for scrub typhus infection for a study period of two years (from September 2015 to August 2017) were analyzed. The study group included both adult and pediatric population. The pediatric age group was defined as ≤18 years of age. Significant clinical findings such as fever, jaundice, gastrointestinal symptoms, and eschar were recorded. Laboratory results of hemoglobin, total counts, platelet count, blood urea, serum creatinine, serum electrolytes, serum bilirubin, aspartate transaminase (AST), alanine transaminase (ALT), and serum albumin levels were obtained. Complications such as hypotension, ALI, acute respiratory distress syndrome (ARDS), myocarditis, encephalopathy and meningoencephalitis, and disseminated intravascular coagulation (DIC) were recorded. Scrub typhus infection was diagnosed by enzyme-linked immunosorbent assay (ELISA) technique (InBios Scrub Typhus Detect IgM ELISA kit), and the test was performed according to the manufacturer's instructions.
Hypotension was defined as arterial systolic blood pressure below 90 mm Hg and/or the requirement of inotropes. Pulmonary involvement was defined as the presence of infiltrates in chest radiograph or computed tomography imaging, presence of moderate to severe hypoxia (SaO 2 <90%), presence of ALI, and/or the need for ventilator support during inpatient (IP) stay. Central nervous system (CNS) involvement was defined as the presence of Glasgow Coma Scale <8/15 or <5T/10 during IP stay. Kidney disease improving global outcomes (KDIGO) staging was used to define AKI. 24 The clinical profile, renal involvement, factors predicting renal involvement, and outcomes were analyzed for adults. The study population was divided into AKI and "no AKI" groups, and parameters including serum creatinine, hemoglobin, total counts, platelet counts, serum bilirubin, AST, ALT, serum albumin, and total days of hospitalization of each group were compared for statistical significance. Similarly, parameters such as hypotension, lung involvement, CNS involvement, MODS, and mortality were compared between AKI and "no AKI" groups for statistical significance. Descriptive statistical analysis was done for children.
Institutional ethics committee approval was obtained (IEC-NI/18/JAN/63/15). Results were analyzed using Statistical Package for the Social Sciences (SPSS) version 16.0 software (SPSS Inc., Chicago, IL, USA)
Results
Our study included 272 patients including children. Adults constituted 70.96% (n = 193) and the remaining 29.04% (n = 81) were pediatric patients. Among adults, females constituted 62.7% (n = 121) and males 37.3% (n = 72). The mean age of the adult population was 45.7 ± 15 years (Table 1) . Fever was present in all the cases. Gastrointestinal symptoms such as anorexia, nausea, and vomiting were present in 21.24% (n = 41) of cases, jaundice in 6.22% (n = 12) of cases, and eschar was present in 28.49% (n = 55) of cases. The most common location of the eschar was thighs, followed by neck and chest, abdomen, perineum, axillae, and the back. Hypotension was present in 11.9% (n = 23) of cases, lung involvement in 11.9% (n = 23), and CNS involvement was present in 3.1% (n = 6) of cases. The mean presenting and peak serum creatinine of the study population were 0.98 ± 0.87 mg/dL and 1.22 ± 1.28 mg/dL, respectively. The mean hemoglobin was 11.2 ± 1.79 g/dL, total count was 9969 ± 4963 cells/mm 3 , and platelet count was 1.63 ± 0.79 lakh/mm 3 . The mean AST and ALT levels were 142 ± 257 IU/L and 132 ± 330 IU/L, respectively. The mean serum albumin was 3.37 ± 0.56 g/dL. MODS was present in 9.8% (n = 19) of the cases. The mean duration of hospital stay (DOHS) was 6.96 ± 4.79 days. Renal replacement therapy (RRT) was required in 3.67% (n = 7) of cases. Mortality was 4.14% (n = 8).
Thirty-six adults (18.7%) had AKI in our study population. Among them, 21 (10.88%) were in Stage I, 7 (3.67%) in Stage II, and 8 (4.14%) were in Stage III AKI. The remaining 81.3% (n = 157) constituted the "no AKI" group. We compared hemoglobin, total count, platelet count, serum creatinine, AST, ALT, serum albumin, and mean DOHS between AKI and "no AKI" groups and found a significant statistical difference for total counts, AST, serum albumin, and mean DOHS ( Table  2 ). To evaluate the predictors of AKI, we also compared the presence of hypotension, lung involvement, CNS involvement, and MODS between AKI and "no AKI" groups, and it was found that all these parameters were significantly present in the AKI group (Pearson Chi-square test) and were predictors of AKI in scrub typhus infection in our population. Mortality was significantly higher in the AKI group when compared to the "no AKI" group (P <0.001; Fisher's exact test) ( Table 3) . Our study included 81 children (Table 4) . The mean age of pediatric patients was 8.56 ± 5.1 years. The mean presenting and peak serum creatinine in this group were 0.45 ± 0.18 mg/dL and 0.48 ± 0.22 mg/dL, respectively. The mean hemoglobin was 10.73 ± 1.64 g/dL, total counts were 8667 ± 3712 cells/ mm 3 , and platelet counts were 1.69 ± 0.59 lakhs/mm 3 . The mean AST and ALT levels were 70 ± 39 IU/L and 64 ± 43 IU/L, respectively. The mean serum albumin was 3.54 ± 0.44 g/dL. The mean DOHS was 5.3 ± 2.6 days. AKI was present in three patients (3.70%). Eschar was seen in 16 (19.7%), hypotension in 14 (17.28%), lung involvement in four (4.93%), CNS involvement in one (1.23%), and MODS in two cases (2.46%). Mortality was 1.23% (n = 1). None of the pediatric AKI cases required RRT. The child who died had nondialysis requiring AKI and MODS. The other two children recovered. The peak incidence of scrub typhus in our study population was in the months of December, January, and February, and 46.32% (n = 126) of cases got admitted in this period (winter in our region). The incidence was lowest in months of April, May, and June (summer), when only 0.03% (n = 9) of cases got admitted (Figure 1 ). 
Discussion
Scrub typhus is a vector-borne disease caused by the Gram-negative intracellular bacillus Orientia tsutsugamushi. It is transmitted through the bite of the larval forms of trombiculid mites, which inhabit the semi-arid tropical regions with high temperature and high humidity. 25 An eschar, which is a classical feature of scrub typhus infection, occurs at the site of infected vector bite. It presents as a papule, later ulcerates and ultimately forms a black crust. Other clinical features such as fever, myalgia, and gastrointestinal symptoms usually occur in the 2 nd week after the vector bite. Severe complications including multiorgan failure occur in some cases. 26, 27 The severe multiorgan manifestations include jaundice, AKI, pulmonary complications including ARDS, myocarditis, pericarditis, CNS complications including meningitis and/or encephalitis, septic shock, and DIC. [26] [27] [28] AKI and renal involvement in scrub typhus are believed to be multifactorial in origin. The possible mechanisms of renal failure include prerenal failure, septic shock, rhabdomyolysis, vasculitis, acute interstitial nephritis, and direct renal invasion of O. tsutsugamushi. [29] [30] [31] Weil Felix test, which was previously used to diagnose scrub typhus infection, is outdated because of low sensitivity and the availability of better diagnostic tests today. Immunofluorescence antibody assay (IFA), and similar tests such as indirect immunoperoxidase and immunochromatographic tests, and molecular methods like polymerase chain reaction (PCR), which usually target genes of the outer membrane proteins like 56 kDa, have high sensitivity but are seldom used in endemic regions because they are complicated, expensive, and not readily available. 9, 32 The commonly used test for diagnosis is ELISA. IgM ELISA using the 56 kDa antigen is easy to perform and has good sensitivity and specificity. 33 Antibiotics used for treatment of scrub typhus infection include doxycycline, chloramphenicol, and azithromycin.
Scrub typhus outbreak and the associated renal involvement have been previously reported from South India. [13] [14] [15] [16] [17] [18] However, no recent data on renal involvement and outcomes are available. Our study included both adult and pediatric population. Females constituted 62.7% (n = 121) of adults in our study. In similar studies, females constituted 41% to 75.9% of study population. 4, 12, 19, 21, 22 The mean age of our adult population is 45.7 ± 15 years. In similar studies, the mean age varied from 30.37 ± 18.81 years to 57.94 ± 18.85 years. 4, 12, 19, 21, 22, 34 Fever was present in all the cases, gastrointestinal symptoms in 41 (21.24%), and jaundice in 12 cases (6.22%) in our adult population. In published studies from the Indian subcontinent, fever was present in 98%-100% of cases, gastrointestinal symptoms in 19.5%-55.18% of cases, and jaundice in 5.2%-42.9% of cases. 4, 17, 19, 21, 22 Eschar was present in 55 adults (28.49%). The incidence varied from 6.57% to 43.5% in other similar studies. 4, 12, 19, 21, 22, 34 Hypotension was reported in 1.8%-16.3% of cases in the literature. 4, 17, 21 In our adult population, it was present in 23 cases (11.9%). Lung involvement was seen in 23 adults (11.9%). In published studies, the incidence of ARDS was 11.5%-57.14%. 4, 17, 21 CNS involvement was present in six adult patients (3.1%). In similar studies, the incidence varied from 6.37% to 28.57%. 4, 17, 19, 21, 22 MODS was present in 9.8% (n = 19) of adult cases. Vikrant et al reported MODS in 10.3% of cases and Varghese et al in 34% of cases. The KDIGO classification was used to define AKI in our adult population. AKI was present in 36 adults (18.7%) in our study. Kumar et al and Sedhain et al also used KDIGO classification for AKI and reported incidence at 53.06% and 40.4%, respectively. Hwang et al used RIFLE classification to define AKI and reported incidence of 35.88%. Vikrant et al included patients with serum creatinine >1.5% as AKI and reported an incidence of 35%. Similarly, Varghese et al reported AKI in 18% of cases by including patients with serum creatinine >2.5 mg/dL. RRT was required in 3.67% (n = 7) of adult cases, and hemodialysis was offered as RRT in all of them. In other studies from the Indian subcontinent, RRT requirement in the study population was reported as 2.8%-6.12%. 4, 19, 21, 22 Hwang et al reported CRRT requirement in 0.6% of cases in their study population from South Korea.
There was statistically significant difference in total counts, AST levels, serum albumin, and mean DOHS in AKI patients, when compared to the "no AKI" group. It can be inferred that leukocytosis, transaminitis, and hypoalbuminemia could be predictors of renal involvement in scrub typhus infection. Similarly, clinical findings such as hypotension, pulmonary involvement, CNS involvement, and MODS predicted AKI in our adult population.
Sedhain et al reported that pneumonia, shock, and ARDS predicted AKI in their study population. Kumar et al reported oliguria and jaundice as risk factors for the development of AKI. In South Korean population, Hwang has found that increasing age, preexisting renal impairment, hypoalbuminemia, and delayed presentation to the hospital after symptom onset are significant risk factors for AKI.
Mortality was 4.14% (n = 8) in our adult cases. In patients who expired, ARDS was present in seven cases and RRT was required in two cases. Sedhain et al, who investigated scrub typhus outbreak in the Nepalese population, have reported mortality of 1.79%. Other studies from this region reported mortality in the range of 9%-16.3%. 4, 15, 17, 19, 21 Our study suggests that there is significant reduction in mortality in scrub typhus infection from our region. Vikrant et al have reported that age >46 years, leukocytosis, thrombocytopenia, hypoalbuminemia, and reduced DOHS predicted mortality. Varghese et al have found that the presence of CNS dysfunction, renal failure, shock, ventilator requirement and elevated bilirubin and alkaline phosphatase levels are factors predicting mortality.
In our pediatric population, AKI was present in three patients (3.70%), eschar in 16 (19.7%), hypotension in 14 (17.28%), lung involvement in four (4.93%), CNS involvement in one (1.23%), and MODS in two cases (2.46%). Mortality was 1.23% (n = 1). The incidence of AKI and other complications were less in our pediatric population when compared to the published pediatric studies from this region. 12, 35, 36 The seasonal trend in the incidence of scrub typhus has been previously reported in studies. Similar to our study findings, Mathai et al had reported scrub typhus cases in South India during the cooler months. In studies done by Vikrant et al and Subbalaxmi et al, majority of the cases were admitted in the months from August to October. Environmental factors such as rainfall and temperature, which vary from region to region, influence the growth of scrub vegetation, the habitat for trombiculid mites. 9, 25 Our study population is the largest when compared to the other recent studies from South India, and it includes both the adult and pediatric populations. Improving mortality trend was reported by Varghese et al from this region, but the study period was a decade earlier. Our study suggests even better outcomes in terms of renal involvement and mortality and includes a recent study cohort. Better physician awareness about this tropical infectious disease, empiric antibiotic usage including doxycycline and azithromycin at the primary health-care level, early referral of patients, and better intensive care could have contributed to the improved mortality trend. The disadvantage of the study is the retrospective design from a single center, using only IgM ELISA for diagnosing scrub typhus infection, and not analyzing different strains of O. tsutsugamushi species in disease outcomes. However, none of the larger studies have used IFA or molecular diagnostic tools for the diagnosis of scrub typhus infection, and in endemic regions in developing countries with high disease burden and classical disease presentation, our personal opinion is that IgM ELISA test is sufficient for diagnosis and IFA and/or PCR tests are not mandatory. High index of clinical suspicion and early diagnosis and prompt management could yield better clinical outcomes.
Conclusion
Scrub typhus should be considered as a diffe rential in cases presenting with fever and AKI, in both adults and children, especially in endemic regions. Hypotension, pulmonary involvement, CNS involvement, and MODS predict renal involvement. Laboratory parameters including increased total counts, elevated AST levels, and hypoalbuminemia predict AKI in our population. Mortality is high when the cases developed AKI. Majority of the cases were reported in the winter season. Outcomes of scrub typhus infection in terms of mortality seem to be improving in this region.
